The following article is one in an occasional series introducing new databases. The series intends to make new development databases more widely available and to contribute to discussion and further research on economic development issues. The databases included in the series are selected for their potential usefulness for research and policy analysis on critical issues in developing and transition economies. Some are drawn from micro-level firm or household surveys; others contain country-level data.
Measures of sectoral investment and capital stocks are fundamental to empirical research in economics, yet cross-country panels have not been readily available for countries outside of the Organisation for Economic Co-operation and Development (OECD). In this article we present a new database of investment and capital in the agricultural and manufacturing sectors and in the economy as a whole for 62 industrial and developing countries. The database spans 1967-92. In addition to covering a large number of countries, we also extend the data in other ways. We first construct a series of capital in orchards (treestock) and livestock in addition to fixed capital in agriculture. Then, we modify the methodology for integrating investment to obtain the capital stock. Using the new methodology, we compute the capital stocks in the manufacturing sector and in the economy as a whole, so that we can compare them to the evolution of capital in agriculture. Finally, after describing some economic characteristics of the data set, we present a sensitivity analysis to place the methodology in perspective.
The conceptual and measurement problems involved in constructing capital series have been widely discussed in the literature (see, for instance, Hulten 1990). We therefore limit our discussion to the extent needed to provide perspective for our findings.
I. TWO MEASURES OF CAPITAL STOCK
Two concepts of capital are of immediate interest in most empirical analyses: physical productivity and value (Griliches 1963) . Physical productivity conveys the contribution of capital to production, and as such it is the relevant concept in productivity analysis. The decline of productivity with time and use is evaluated by comparing an asset's current productivity with that when the asset was acquired. Holding technology and inputs constant, this difference is the accumulated physical depreciation. Dividing depreciation by initial productivity gives the accumulated productivity depreciation in relative terms, with initial productivity set at unity.
The present value of an asset is the discounted expected flow of the net value of output emanating from the use of the asset from the present time to the end of its life. The accumulated depreciation is the difference between the asset's initial value at the time of acquisition and its current value. Dividing depreciation by the initial value gives the accumulated value depreciation in relative terms, with the initial value set at unity.
The concept of value is pertinent to decisions about ownership of the asset. When its market value is higher than its value in production at any time, it is profitable to sell the asset (or not to acquire it). The concept of value is also useful for constructing an estimate of the capital stock when the data needed to measure the stock directly are not available (as in the case of treestock).
The two concepts of capital are related, but the time paths of an asset's productivity and value are generally different. Productivity is related to performance in a given period, whereas value covers more than one period. We return to this issue below.
II. STRUCTURE OF THE SERIES
We focus on three components of agricultural capital: fixed capital, livestock, and treestock. These components account for most of agricultural capital. National accounts usually report fixed capital investment, which does not wholly include livestock and treestock. Therefore, we compute each separately. In addition, we present a series for fixed capital in manufacturing and in the economy as a whole. Data sources along with the computer program used to calculate the capital series are documented in Crego and others (1998) . 1 We construct the fixed-capital series based on national account investment data, using a modification of the perpetual inventory method. The method requires integration of the investment data to obtain capital stocks. For livestock the initial data are the number of animals. We need only calculate the values of the individual herds and then aggregate these values to obtain the total for the full stock of animals. For orchards we use the present value of future income.
Fixed Capital
Let I t be the investment made during year t, K t be the capital stock at the end of year t, L be the lifetime of the capital good, and s j be the productivity of investment of age j, 0 < s j < 1 for 0 < j < L; s 0 = 1 and s j = 0 for j ≥ L. Then the capital stock is given by:
where T is the length of the series. To construct the series {K t } we need data on investment, {I t }, the productivity coefficients, s j , and, if the series on investment is not sufficiently long, the initial capital stock, K t-T-1 . Investment and capital values are given in constant local prices. The initial capital stock is not available when there is no reported series of capital stock for the country. The productivity coefficients are unobserved and have to be estimated.
The meaning of the productivity coefficient is static and somewhat limiting. Here we understand it to be a measure of the performance of a given technology and a given bundle of resources relative to the productivity of a new investment. However, this does not exhaust the contribution of capital to multiperiod production because the investment decision is guided by the contribution to future, in addition to current, production. Assuming constant technology and inputs, the decline in productivity represents physical depreciation. However, assuming embodied technical change, the relative difference between past and current investment reflects both a decline in the productivity of past investment and an improvement in the performance of the new asset. By choosing fixed productivity coefficients, we ignore such considerations in our calculations.
The rate of change in the productivity of capital goods depends on age, the intensity of use, and, most important, the kind of good and the production process. In the case of a "one hoss shay" the coefficient is 1 until the good is discarded, at which point its value is zero. In the case of linear depreciation productivity declines every year by a certain amount, and in the case of geometric depreciation the coefficient declines every year by a constant proportion. Ball and others (1993) provide a general formulation for the pattern of productivity change over time. Let L be the lifetime of the capital good and β be a curvature parameter bounded from above by 1 in order to restrict productivity to be nonnegative. Then,
The asset is discarded at age L, at which time its relative productivity becomes zero. To analyze this expression, we note that ds j / dj = L(β -1) /(L -βj) 2 < 0, for 0 ≤ j < L, indicating that productivity falls with age (use). The speed of the change in depreciation with age depends on the sign of the curvature parameter β:
When β is positive but less than unity (d 2 s j /dj 2 < 0), the depreciation accelerates with time (use), and the productivity curve is concave. Conversely, when β is negative, the productivity curve is convex. The lifetime of the asset is taken as a random variable with a normal distribution truncated at two standard deviations on both sides. Figure 1 illustrates the dependence of the productivity paths of buildings and agricultural machinery on the parameters in question.
Different capital goods have different curvature parameters and different lengths of service life. Also, within each group these two parameters may be stochastic. To aggregate assets that are in the same group but have different parameters, we Note: The S curvature parameters (β) and lifetime parameters (L) in this figure are taken from Ball and others (1993) . For buildings β = 0.75 and L = 38 years; for agricultural machinery β = 0.50 and L = 9 years.
Source: Authors' calculations based on an early draft of Ball and others (1993 Nehru and Dhareshwar 1993) . This choice would not be necessary if the investment series were sufficiently long (large T), because the productivity of old capital goods is low and their contribution to the current stock is small. Therefore, our approach is to generate lengthier investment time series when they do not exist. We do this by regressing the logarithm of the investmentoutput ratio on time for the study period. We then use this regression to estimate past values of the investment-output ratio and apply them to the published output data to generate the needed missing investment values. If the output values are not available, we can estimate them from a regression of output on time. Figure 2 shows the frequency count by year for the fixed investment series.
Livestock
According to the United Nation's accounting practices, animals that are not used for slaughter are included as fixed capital investments.
2 However, after closely examining the data, we find that this is not the case for many countries. Furthermore, changes in livestock used for slaughter are included as "increases in stocks," not as fixed capital. Thus we construct a separate data series on livestock capital, recognizing that there may be some overlap but also that livestock accounts for a Source: Authors' estimates.
2. Based on the System of National Accounts used by the United Nations, "Gross fixed capital formation includes outlays on reclamation and improvement of land and development and extension of timber tracts, mines, plantations, orchards, vineyards, etc., and on breeding and dairy cattle, draft animals, and animals raised for wool" (United Nations 1991: xiv). The System of Material Product Balances is used for centrally planned economies. According to the definition, "Fixed assets include . . . cattle, excluding young cattle and cattle raised for meat; perennial plants; and expenditures on the improvement of land, forests, and other natural resources" (United Nations 1991: xxvi). 0 10 20 30 40 50 60 1948 1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 Number considerable share of agricultural capital and should not be ignored. We return to this issue in section III. Conceptually, the calculation of the livestock is fairly straightforward. The Food and Agriculture Organization (FAO) reports the quantities of all farm animals-cattle, sheep, pigs, poultry, and so on. We aggregate the value of these individual components to obtain the livestock. Ideally, we would use market prices of live animals to value local herds, but these data were not consistently available. For example, the FAO reports domestic meat prices, rather than livestock prices. In their place we use regional export unit values, based on FAO trade data, to value domestic herds. We calculate separate prices for each region by dividing regional dollar export values by regional export quantities. These unit prices are then applied to national herd statistics for each category of livestock. We convert the aggregate to constant-dollar value by using the U.S. gross domestic product (GDP) deflator.
Treestock
Standing orchards, plantations, and smallholder trees represent another important category of investment in agriculture. For instance, palm oil, rubber, and coconut trees comprise a significant portion of agricultural capital in Indonesia. Similarly, coffee trees represent a large share of agricultural investment in Uganda. According to United Nations accounting practices, the value of investments in treestock should be included along with other land improvements in national accounting systems. However, a close examination of country data suggests that, in practice, such stocks may go unaccounted. We therefore construct a direct estimate of the value of treestock.
The available information for constructing the treestock consists of FAO data on the area harvested by crops, production, and output prices. The area is a stock measure, but the cost of investment in orchards is not reported, and we are forced to build our estimates on a sequence of assumptions. 3 We begin by using the condition for long-run equilibrium, in which the cost of investment in the orchard equals the present value of the expected future income generated by the orchard. The income from the orchard is the value of output less the costs of production. There are no published data on production costs; thus we construct our estimates under the assumption that production costs account for 80 percent of revenue.
We derive the yield (output per hectare) from the data on output and area. The yield depends on the age of the trees, but the necessary information for estimating the yield curve is not available. We therefore calculate the present value of the orchard under the assumption that the orchards are halfway through their assumed lifetime. 4 For the expected price, we calculate a five-year moving average 3. If data on new plantings are available, some researchers construct measures of productive capacity based on the biological characteristics of the trees-an approach analogous to our treatment of fixed investment.
4. For a discussion of vintage in the evaluation of orchards, see Akiyama and Trivedi (1987) .
of actual domestic producer prices, converted to nominal dollars, centered on the current year (two periods forward and two periods lagged). The income per hectare is imputed forward in time (with discounting) for each crop and then aggregated. We use U.S. interest and inflation rates to calculate a real interest rate, which serves as the discounting factor. Finally, we convert the result to constant dollars by applying the U.S. GDP deflator.
Conversion and Deflation
We construct the data on capital from the investment series in value terms. To facilitate cross-country comparisons, we convert the data into dollars using "market exchange rates" from the International Monetary Fund (1998). In order to extract a quantity measure, the data are converted to values in constant prices.
The published values of the annual nominal exchange rate can be erratic and on their face may not accurately reflect changes in a country's price level relative to that in the rest of the world. Whereas this problem does not affect the aggregation of capital components in each country, it may affect cross-country comparisons. But things are not as bad as they seem. To see this, define the real exchange rate, which measures the price of the tradable good in terms of the home good, as e t ≡ E t (p t */p t ), where the nominal exchange rate (E t ) is multiplied by the ratio of the dollar deflator to the domestic deflator. This is a relative price, and it does not account for changes in the price level. Following equation 1, we convert fixed investments to constant local values and then aggregate them to yield fixed capital valued in constant local units. To convert that value to constant dollars, we divide by the real exchange rate so that:
Appendix A contains further discussion of this subject.
Data
There is a natural suspicion of the accuracy, consistency, and coverage of aggregate data for a large number of countries. We can do two things about it. First, we can make this qualification, as we do here. Second, we can try to find an indirect indication of the relevance of the data, which we do later.
The economies included in the investment data set are Argentina, Australia, Austria, Belgium, Canada, Chile, Colombia, Costa Rica, Czechoslovakia (former), Cyprus, Denmark, Dominican Republic, Ecuador, Egypt, El Salvador, Finland, France, Greece, Guatemala, Honduras, Iceland, India, Indonesia, Iran, Iraq, Ireland, Israel, Italy, Jamaica, Japan, Kenya, Republic of Korea, Luxembourg, Madagascar, Malawi, Malta, Mauritius, Morocco, the Netherlands, New Zealand, Nicaragua, Norway, Pakistan, Peru, Philippines, Poland, Portugal, South Africa, Sri Lanka, Sweden, Syria, Taiwan (China), Tanzania, Trinidad and Tobago, Tunisia, Turkey, United Kingdom, United States, Uruguay, Venezuela, West Germany (former), and Zimbabwe. The sample's coverage of fixed investment varies from year to year and series to series. The investment series from Argentina begins in 1948, although most series begin in the 1960s (figure 2). All series on livestock and orchards begin in 1961 and end in 1992. We deem the data for most of the countries to be sufficiently complete to estimate capital stocks for 1967 to 1992 (table 2).
III. EVOLUTION OF CAPITAL STOCKS
On the whole, capital accumulation was positive in most of the countries in our sample (figure 3).
5 However, there is sectoral variability: more than 15 percent of the countries had negative growth in agriculture, and 10 percent had negative growth in manufacturing. Most of the distribution of agriculture is to the left of that in manufacturing and the economy as a whole, indicating a much slower growth rate in agriculture. The median growth rate of capital is 4.6 percent in the economy, 4.1 percent in manufacturing, and 2.1 percent in agriculture. Agriculture has done better in the growth of the ratio of fixed capital to labor (figure 4). In general, the distribution of this ratio in agriculture is to the right of that in the economy. The median of this ratio is 2.9 percent in agriculture and 2.2 percent in the economy as a whole-indicating faster capital deepening in agriculture. The reason for the difference in the growth of total capital and the growth of the capital-labor ratio is off-farm labor migration.
To understand the extent to which fixed capital includes treestock and livestock, we calculate the ratio of these two components to fixed capital. In many countries the capital in livestock and treestock is considerably larger than that in fixed capital (table 3). The magnitude of the difference raises doubts as to whether fixed capital includes these components. We cannot, however, conclude that this is the case for all countries, and we cannot answer the question of coverage of fixed costs with our data. Within the agricultural sector the growth of fixed capital generally exceeds that of total capital, indicating a smaller growth rate of livestock and treestock.
How informative is the capital series? To answer this question, we must compare the series to other economic variables that are not part of the series or used in its derivation. We do this by plotting average labor productivity (output-labor 5. Unless indicated otherwise, the discussion refers to fixed capital. Capital-Labor Ratios, 1967-92 ratio) against the capital-labor ratio for the economy as a whole and for agriculture (figures 5 and 6). These scatter diagrams trace the production function in terms of capital intensity, without allowing for the effects of other pertinent variables. Nevertheless, it is clear that the capital series is informative and relevant. A more detailed analysis of the production function using these data appears in Mundlak, Larson, and Butzer (1999) . These data are used also in Martin and Mitra (1999) and Mundlak, Larson, and Crego (1998) .
IV. SENSITIVITY ANALYSIS
We have used a fairly elaborate method to calculate the change in productivity or, simply, depreciation (see appendix B for a discussion of depreciation). Two questions arise in this connection. First, how sensitive is the result to the choice of parameters? And, second, how much is gained by using this method rather In what follows we label as the base calculation the results derived above, which we obtained using the parameter values in table 1. We report the mean ratios of alternative computations of the fixed capital stock for the years 1970, 1980, and 1990 relative to the base calculation (table 4). The results reported in the first five columns of table 4 were obtained using the same parameters as the base calculation except for the changes that appear in the column heading. The results range from 0.59 with β = -1 to 1.37 with β = 1, indicating that the lower is the initial depreciation (the higher is the value of β), the higher is the level of capital stock. When β is higher, the capital stock is larger because investments are more productive in their old age.
The choice of parameters affects the level of the capital stock, but it only slightly affects the growth rate of the capital stock (table 5) . 6 Essentially, the growth rate of the capital stock is determined largely by the investment rate. We can see this from the low growth rates in 1975-84 relative to the other two subperiods. This difference is sizable, and it is detected by each of the alternative calculations. Another indication is the sensitivity of the growth rate to the lifetime of the investment. Reducing the lifetime mean from 20 to 10 years (keeping the coefficient of variation constant) makes the capital stock more sensitive to fluctuations in investment.
Why does the choice of parameters affect the level but not the growth rate of capital? This outcome is related to the level of disaggregation of capital goods, the time profile of their productivity, and the changes in their composition. When there are several components of capital with different time profiles, a change in the composition of investment will affect the growth rate of capital in addition to the level. We do not detect this in our calculations because data limitations prevent us from decomposing fixed investment into its components. Do we gain by refining the method of computing the productivity coefficient? To answer this, we assume geometric depreciation, then calculate the capital stock by varying only one parameter, the depreciation rate, δ, so that s j = (1 -δ) j for j = 0, . . . , t -T. We present results for two alternative values of δ, 0.04 and 0.06 (tables 4 and 5). The value of 0.06 produces capital levels and growth rates that come close to the values obtained in our base calculation.
We also examine the sensitivity of the results to the choice of the initial value of capital. We consider two alternatives described in Nehru and Dhareshwar (1993) . The first is the procedure used by Harberger (1978) , which is based on the assumption of a constant capital-output ratio. This procedure leads to the following equation:
6. We calculate the growth rates using ordinary least squares regressions of the log of capital on time. Table 4 . 1970, 1980, and 1990 Type of fixed Note: β is the curvature parameter, L is the lifetime of the asset, and δ is the depreciation rate.
Comparison of Series Means Calculated Using Varying Methods for
a. Procedure used by Harberger (1978) . b. Procedure used by Nehru and Dhareshwar (1993) . Source: Authors' calculations. Table 5 . Note: β is the curvature parameter, L is the lifetime of the asset, and δ is the depreciation rate.
Growth Rates under Varying Parameters and Methods
a. Procedure used by Harberger (1978) . b. Procedure used by Nehru and Dhareshwar (1993) .
where g is the growth rate of output. Harberger uses three-year averages of the growth rate of output and investment to reduce the effects of short-term variations. Applying this method to our data shows that the results with δ = 0.06 are similar to our initial results. The second procedure is a modification of the Harberger approach proposed by Nehru and Dhareshwar. Rather than use three-year averages of investment to estimate the initial stock of capital, the initial level of investment is fitted using a regression of the log of investment on time. Thus the estimation is less sensitive to initial-period conditions. The investment series used in the regression was truncated in 1973. The results do not differ much from those derived using the Harberger approach.
The correlation between the capital stock obtained with the alternative calculations and our results is high for most of the series (table 6). The correlation is particularly strong for the choice of curvature parameters. Consistent with the results of tables 4 and 5, although the choice of parameters and aggregation and seeding techniques may affect the levels of capital stock, they do not seem to affect the movements of the capital stock. However, the correlation is affected by the choice of the initial value of capital used in the integration. Obviously, the correlations are lower for the Nehru-Dhareshwar calculations than for ours, since our calculations are based on more information.
Finally, alternative calculations of the share of agriculture in fixed capital for the sample as a whole show that the share declines over the years, from 10 percent in 1970 to 7 percent in 1990 (table 7) . The figures vary somewhat with the method, reflecting the variations observed in table 4. Differences between the series tend to remain the same across time. Consequently, the growth rates of the capital stock vary more by subperiod than by choice of method or parameter.
V. CONCLUSION
This article reports a new time series on investment data for agriculture, manufacturing, and the economy as a whole. A common method is applied to derive estimates of sector-level capital stocks for 62 countries during 1967-92. The database fills a long-standing need for a sectoral measure of one of the basic components of economic production and a key determinant of growth.
The capital stocks for agriculture and the economy as a whole consist of three components-fixed capital, livestock, and orchards-whereas that of manufacturing consists of fixed capital alone. Integrating fixed investment to capital stocks requires that we select the depreciation rate and the initial value of the series. The choice of the depreciation rate is based on an aging pattern determined by a curvature parameter and the lifetime of the asset. Simulations using our data show that the level of the capital stock is sensitive to the choice of parameters. However, the growth rate of the stock is fairly robust to the choice of the curvature parameter and somewhat sensitive to the assumed lifetime. The results are more sensitive to the choice of the initial value of the series. We suggest a proce- a. Procedure used by Harberger (1978) .
b. Procedure used by Nehru and Dhareshwar (1993) . Source: Authors' calculations. Table 7 . Comparison of Agricultural Shares in Fixed Capital Stock for 1970 , 1980 , and 1990 Harberger a Note: β is the curvature parameter, L is the lifetime of the asset, and δ is the depreciation rate.
a. Procedure used by Harberger (1978) . b. Procedure used by Nehru and Dhareshwar (1993) . Source: Authors' calculations.
dure for determining the initial value that uses country-specific investment rates. The robustness of the growth rate to the curvature parameters may disappear when the investment data become available at a lower level of aggregation.
There is a caveat and a note of hope regarding this effort. The definition of fixed investment, as well as the definitions of agriculture and manufacturing, may differ from country to country and possibly within countries over time. In addition, reporting errors are likely to arise, and these may affect cross-country comparisons. On the positive side, we obtained our data through an intensive library search of country publications. Nevertheless, we suspect that the scope for such a search has not been exhausted and, specifically, that census data and other national sources might be found and used to augment country and time coverage. We hope that further research will extend and improve on our initial work.
Collectively, the data suggest that as economies grow, capital stocks accumulate, and the composition of capital changes. Together and individually, capital stocks in agriculture and manufacturing constitute a smaller share of the total capital stock than they did 20 years ago. Agriculture has become more capital intensive in most countries, even though agricultural capital stocks-including livestock and orchards-have declined in about 30 percent of the countries. The composition of agricultural capital has also changed in most countries. Capital from fixed investments in machinery, irrigation, and buildings has become increasingly important, while capital of agricultural origin, such as livestock and treestock, has declined in importance.
APPENDIX A. CONVERSION AND DEFLATION
The real exchange rate used in equation 4 is obtained with price indexes, p t * and p t, which measure prices of different baskets of goods in each country. An alternative measure is the exchange rate based on purchasing power parity (PPP). The PPP gives the dollar value of an identical-quality-adjusted-output basket in different countries. Under the theory of the law of one price this exchange rate, e p , should equal the local price of the basket divided by the foreign price. Then the exchange rate will always adjust to compensate for changes in domestic and world prices, and e p will equal 1. Under this assumption e p should be less volatile than e.
The Penn World Tables present the dollar price of identical output baskets for a large number of countries, facilitating the derivation of e p . We compute the correlation coefficient between e p and e. For most countries this correlation is high, although it falls during periods of high price volatility. The empirical literature on the PPP is not supportive in that there are considerable deviations from 1 in the short run; still, the theory is thought to be useful in describing long-term trends. There are several basic reasons why e p deviates from 1. The law of one price covers the relationship between domestic and foreign prices only for tradable goods, whereas the price of any good has a nontradable component. Also, the law does not take tariffs into account. The first problem does not apply to e because the domestic price index is an aggregate of the prices of tradable and nontradable goods, which are assigned the specific weights of the country in question.
To interpret equation 4, substitute the definition of e into the equation to obtain K t * ≡ p t K t /E t p t *, where the numerator is the nominal value of fixed capital. The procedure amounts to converting capital to nominal dollar values using nominal exchange rates and then deflating by an index of the world price. Martin and Mitra (1999) , using our fixed capital series, convert the values using a constant exchange rate, E 0 (say, the base year):
The relationship between this measure and ours is given by
Thus if the nominal exchange rate changed only at the rate of the ratio of domestic to world prices, the two measures would be identical. Otherwise, it is questionable that subscribing to a constant exchange rate is preferable to using the real exchange rate for conversion. If the pertinent exchange rate were constant, then e p would equal 1, but this is not the case.
APPENDIX B. DEPRECIATION
Depreciation plays an explicit role only in the sensitivity analysis, in which we compare our measure to alternatives. It is therefore useful to review the role of depreciation in our estimates. In the case of fixed capital the total depreciation in year t of an asset of age j is the decline in productivity, 1 -s j , and the average annual rate is the total divided by j. In practice this decline is determined by choosing a rule and a set of parameters. We choose a rule based on the average life expectancy of the asset (L) and a curvature parameter (β). As already noted, this gives rise to a concave productivity curve for positive values of β. A more common approach is to assume that depreciation is geometric at rate δ, in which case s j = (1 -δ) j for j = 0, ... , t -T, and the perpetual inventory yields K t = (1 -δ)K t -1 + I t , generating a convex productivity curve.
The present value of capital is forward-looking and only partially based on physical productivity. It is determined by the physical productivity of the asset, the expected price of output and inputs at each point in time for the remaining life, the discount factor, and the asset's remaining years of service. Thus value depreciation differs from physical depreciation. To examine value depreciation, assume that expected prices are constant, and thus the time path of value depends on the decline in future performance due to the passage of time and the expected length of remaining life. For example, assume that an asset has a life of length L and pro-duces x dollars a year. If we ignore discounting, the value of the asset depreciates by x dollars with each year of use, and after j years of use the value is (L -j)x dollars. This value falls linearly with time along the line segment AL in figure B-1. When we also discount the future returns from the asset, the value path changes to the path ABCL, which falls below the path AL of the undiscounted value. Depreciation along ABCL reflects the decline in discounted future returns. Consequently, ABCL can be convex even when the productivity path is not.
To trace the behavior of the asset's value over time, let the discount rate be α 
where V j is the value, taken at period 0, of the income stream after j periods of use or simply of an asset of age j. We can draw the value path to trace V j as a function of j (the time use of the asset). For nontrivial discounting (α < 1) we obtain V 1 -V 2 < V 0 -V 1 so that the value path is convex, as illustrated by the curve ABCL. In the extreme case of no discounting, α = 1 and the path follows a straight line. This is an upper bound for the value curve, implying that, unlike the productivity path, it cannot be strictly concave. By implication, geometric depreciation functions relate better to value measures of capital than physical measures. In the case of treestock we evaluate the stock at midlife, and depreciation does not appear explicitly. However, our procedure captures any technical change that affects the yield of the orchard through our computation of revenue. In the case of livestock the only depreciation under consideration are discards, which are handled through changes in inventory.
